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@ Diffusion matrix for transdermal drug administration and transdermal drug delivery devices Including same. 

(g) A solid state, resilient laminated composite for administer- 
ing a drug transdermally consisting of a top layer of a resilient 
elastomer; a middle diffusion matrix layer composed of a 
polyurethane macroporous foam framework in whose pores are 
embedded a vtscoelastic blend of a medical grade poiysiloxane 
adhesive, drug, and optionally a percutaneous absorption 
enhancer, and a basal surface layer of the medical grade 
poiysiloxane adhesive. 
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Description 

DIFFUSION MATRIX FOR TRANSDERMAL DRUG ADMINISTRATION AND TRANSDERMAL DRUG DELIVERY 

DEVICES INCLUDING SAME 



Technical Field 5 

This Invention is in the field of transdermal drug 
delivery. More particularly It relates to: a diffusion 
matrix that serves as a drug reservoir In a transder- 
mal drug delivery device; transdermal drug delivery 
devices that employ the diffusion matrix; transder- 10 
mal drug delivery devices which include a pressure 
sensitive adhesive layer that contacts and adheres 
to the skin when the device is in use and means for 
replenishing the pressure sensitive adhesive In the 
layer so that the device may be repositioned or 15 
replaced on the skin without loss of adhesiveness. 

Background of the Invention 

A variety of devices have been proposed or used 
for administering drugs transdermally. These de- 20 
vices are generally in the form of a bandage or skin 
patch that Includes a reservoir that contains the drug 
and a pressure sensitive adhesive component by 
which the device Is attached to the skin. Depending 
upon the inherent permeability of the skin to a 25 
particular drug, the device may also include means 
for coadministering a percutaneous absorption 
enhancer or an element, such as a membrane 
interposed between the reservoir and the skin, that 
regulates the rate at which the drug or the 30 
percutaneous absorption enhancer is administered 
to the skin. 

Release of drug from the transdermal drug 
delivery device's reservoir typically occurs via diffu- 
sion. In such Instances, the reservoir is often called a 35 
"diffusion matrix". These matrices are composed of 
a combination of drug-permeable polymer and drug 
in which the drug is typically dispersed In or 
encapsulated by the polymer. 

The present invention involves a diffusion matrix 40 
that uses a reticulated macroporous polymeric foam 
as a framework for holding a viscoelastlc drug- 
polymer mixture. Porous or foamed elements have 
been employed In transdermal drug delivery devices 
in the past but not in the same manner as in the 45 
present invention. In particular U.S. Patent 
No. 3,797,494 describes the use of a microporous 
polymer that forms either the drug reservoir matrix 
or a membrane interposed between a drug reservoir 
layer and an adhesive layer. The pores of the material 50 
are filled with drug permeable liquid and the porous 
structure of the material Is such that its porosity and 
tortuosity significantly affect the flux of drug through 
the liquldfilled material. U.S. Patent No. 4,605,548 
describes a transdermal drug delivery device that 55 
includes a porous membrane whose pores are filled 
with a drug-containing liquid that Is held In the pores 
by capillary pressure. Japanese Patent Publication 
J57139011-A describes a matrix consisting of a 
water swellable porous membrane whose pores are 60 
filled with a drug-containing liquid. Finally, several 
Japanese patent publications (see J5B096016-A, 
J570009714-A, and J5706413-A) describe the use of 



porous or foam layers as backing or support 
members in transdermal drug delivery devices. In 
each instance, the drug is contained in another 
element, typically in the adhesive layer that contacts 
the skin. 

One shortcoming of prior transdermal drug de- 
livery devices is that when they are removed from the 
skin the pressure sensitive adhesive tends to remain 
on the skin rather than staying part of the device. 
Thus, once removed from the skin, these prior 
devices would not adhere well to the same site or 
another site on the skin. This made it impossible or 
impractical to remove the device for bathing or other 
reasons. One aspect of the present invention is a. 
transdermal drug delivery device that includes 
means for restoring the adhesiveness of the basal 
surface of the device after it has been removed from 
the skin. Applicant knows of no prior device that has 
such means. 

Disclosure of the Invention 

One aspect of the invention is a diffusion matrix 
for use as a reservoir for a drug in a transdermal drug 
delivery device comprising a viscoelastic body of: 

(a) a reticulated polymeric foam framework; 

(b) a visoelastic drug-permeable hydro- 
phobic polymer embedded in the pores of the 
foam; 

(c) a drug dispersed in and at least partly 
dissolved in the hydrophobic polymer; and 
optionally 

(d) an agent dispersed in and at least partly 
dissolved In the hydrophobic polymer that 
enhances the solubility of the drug in the 
polymer and/or is a percutaneous absorption 
enhancer that increases the permeability of skin 
to the drug. 

Another aspect of the invention is a transdermal 
drug delivery device In the form of a laminated 
composite comprising: 

(a) an optional backing layer that forms the 
top surface of the composite; 

(b) a second layer consisting of the above- 
described drug diffusion matrix; and 

(c) a third layer comprising a pharmaceuti- 
cally acceptable pressure sensitive adhesive, 
one face of which defines the basal surface of 
the body and contacts and adheres to the skin 
when the device is in use, said third layer 
providing no rate controlling barrier to diffusion 
of components of the second layer from the 
second layer to the skin. Prior to use the device 
will also typically include a fourth release liner 
layer that covers the basal surface of the third 
layer. The release liner is removed from the 
device to expose the adhesive face of the third 
layer so that the device may be adhered to the 
skin. 

In embodiments which involve a steroidal drug, 
such as estradiol, or other drug that requires the 
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skin to be hydrated in order that it permeate through 
the skin at suitable rates, it may be necessary that 
the device be a sufficient barrier to water vapor 
transmission to cause the area of skin to become 
hydrated and thus more permeable to the drug. 

Another aspect of the invention is the use of the 
same material as the hydrophobic polymer of the 
diffusion matrix and as the pressure sensitive 
adhesive in the above described transdermal drug 
delivery device. 

Still another aspect of the invention is a device for 
administering a drug to a predetermined area of 
unbroken skin comprising a laminated composite 
that includes a diffusion matrix layer that contains 
the drug and a layer of a pressure sensitive adhesive 
which defines the basal surface of the composite 
.and contacts and adheres to the skin when the 
device is in use, wherein the diffusion matrix layer 
contains a sufficient amount of the pressure sensi- 
tive adhesive to provide a means for replenishing the 
pressure sensitive adhesive in the pressure sensi- 
tive adhesive layer by mechanical flow of pressure 
sensitive adhesive from the diffusion matrix, 
whereby the device may be replaced or repositioned 
on the skin without significant loss of adhesiveness. 

Brief Description of the Drawing 

The drawing shows a partly schematic, enlarged 
sectional view of a transdermal drug delivery device 
of the invention. 

Modes for Carrying Out the Invention 

The drawing shows a device, generally designated 
11, that is designed specifically for administering a 
drug, for instance, estradiol, transdermally at thera- 
peutically effective rates. Device 1 1 is in the form of a 
four-layer laminated composite that is adapted to be 
adhered to a predetermined area of unbroken skin. 
The four layers of the device are: a top backing or 
"outer skin" layer 12; a diffusion matrix layer 13; a 
pressure sensitive adhesive layer 14; and a release 
liner layer 15. 

Backing layer 12 functions as the primary structu- 
ral element of the device and provides the device 
with much of its resiliency, flexibility, suitable drape, 
and, where necessary, depending upon the nature of 
the drug, occlusivity. It also serves as a protective 
covering to prevent drug/enhancer from being 
transmitted from the device via the top surface of the 
diffusion matrix. The use of a such a backing layer is 
optional. When it is absent, other means must be 
used to provide the device with the requisite 
structural integrity. For instance, a structural ele- 
ment might be positioned elsewhere in the compo- 
site or materials that provide the desired mechanical 
properties might be used in the construction of the 
diffusion matrix. Backing 12 may also be used to 
impart the device with a desirable or necessary 
degree of occlusivity which in turn causes the area of 
skin on which the device is placed to become 
hydrated. In such a role, a layer is selected that has a 
level of water vapor transmissibility that makes the 
device occlusive to the degree required to cause the 
area of skin to be hydrated. In such instances it is 
preferable that the device provide at least about 



900/o hydration, more preferably at least about 95<!to 
hydration of the skin, as measured by a dielectric 
hydration probe available from Dr. Howard Malbach. 
U.C.S.F., San Francisco, California. Such occlusivity 
5 is desirable when drugs such as estradiol or other 
steroids are being administered. If the drug being 
administered is such that skin hydration is not 
necessary or desirable, it is preferably to use layers 
that provide a composite that is "breathable", i.e., 

10 transmits water vapor from the skin to the atmos- 
phere. Such breathability contributes to the nonoc- 
clusive nature of the composite and lessens the 
likelihood that the area of , skin on which the 
composite is worn will become irritated. 

15 Backing 1 2 is preferably made of a sheet or film of 
a resilient elastomer about 10 to about 75 microns 
thick. The resiliency of layer 12 permits the device to 
mimic the resiliency of the skin and be worn 
comfortably on areas of skin, such as at joints or 

20 other points of flexure, that are normally subjected 
to mechanical strain with little or no likelihood of the 
device disengaging from the skin due to differences 
in the flexibility or resiliency of the skin and the 
device. Examples of polymers that are useful for 

25 making layer 12 are polyether block amide copoly- 
mers (e.g., PEBAX copolymers), polyethylene 
methyl methacrylate block copolymers (EMA) such 
as NUKRELL polymers, polyurethanes such as 
PELLATHANE or ESTANE polymers, silicone eiasto- 

30 mers, and polyester block copolymers that are 
composed of hard and soft segments (e.g., HYTREL 
polymers). 

The diffusion matrix layer 13 functions as a 
reservoir for drug, percutaneous absorption en- 

35 hancer and, optionally, pressure sensitive adhesive. 
The framework of the matrix is a reticulated 
macroporous polymer foam 16. The term "reticu- 
lated" intends a substantially (50% or more) open 
network. Preferably the network Is essentially com- 

40 pletely (90% or greater) open pores. The pore rating 
of the reticulated foam will normally be in the range 
of about 10 to 40 pores per linear centimeter and the 
density (unfilled) will typically be in the range of 
about 0.01 to 0.5 g/cm 3 .. Since the foam is 

45 macroporous rather than mlcroporous, Its porous 
structure does not affect significantly the flux of drug 
through the filled foam. Examples of suitable 
polymers from which the reticulated polymer foam 
framework may be made are polyurethanes and 

50 polyethylene. The pores of the foam are wholly or 
partly filled, preferably partly filled, with a vlscoelastlc 
hydrophobic drug-permeable polymer 17 that serves 
as a carrier for the drug and, when present, the 
percutaneous absorption enhancer. The term "partly 

55 filled' denotes conditions in which the surface of the 
pores Is merely coated with the hydrophobic 
polymer and/or some pores are totally filled, while 
others either contain no hydrophobic polymer or are 
partly filled. In terms of weight ratios, the weight ratio 

60 of hydrophobic polymer (including drug and, when 
present, enhancer) to foam framework will usually be 
in the range of 1 :1 to 10:1. It Is estimated that at such 
weight ratios about one tenth to one third of the void 
volume of the foam will be filled with the hydrophobic 

65 polymer mixture. In Its partly filled state the diffusion 
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matrix layer is itself flexible, resilient, and com- 
pressible. Its compressiblity enables the diffusion 
matrix to absorb mechanical forces generated by 
skin movement. 

In device 11 the hydrophobic polymer may 
optionally also be a medical grade pressure sensitive 
adhesive. In such instances, the polymer functions 
both as a carrier for the active ingredients of the 
device as well as a source of reserve pressure 
sensitive adhesive to replenish, if necessary, the 
adhesive that forms layer 14. In this regard since 
layer 13 is compressible, It may be compressed to 
force the hydrophobic polymer mixture from the 
pores to the basal surface of the device. The 
adhesive properties of the hydrophobic polymer may 
also provide the means by which backing layer 12 is 
affixed to the top surface of the diffusion matrix. 

The hydrophobic^ of polymer 17 renders the 
device water-resistant and prevents liquid water 
from being absorbed by the device and affecting its 
functionality or wearabiiity. The diffusion coefficient 
of the polymer relative to the drug and the solubility 
of the drug in the polymer are such that the polymer 
is permeable to the drug. Polymers having diffusion 
coefficients (D) greater than about 10 " u cm 2 /sec, 
usually in the range of 10*" a to 10 ~ 12 cm 2 /sec 
(determined from desorption curves described by 
Baker, R.W. and Lonsdale, H.K., Controlled Release: 
Mechanism and Rates in Advances in Experimental 
Medicine and Biology , Vol. 47, Tanquary, A.C. and 
Lacey, R.E. Eds, Plenum Press, N.Y., 1974), and in 
which the solubility of the drug is greater than 
about 1 mg/ml, usually in the range of 1 to 50 mg/ml, 
are suitable. In embodiments of the device that 
include a percutaneous absorption enhancer, the 
hydrophobic polymer is also permeable to the 
enhancer. Examples of polymer types that have the 
required hydrophobiclty and drug permeability and 
desirable adhesive characteristics are polysiloxanes 
(silicone polymers), hydrophobic polyacrylates. 
polyurethanes, plasticized ethylene-vinyl acetate 
copolymers and low molecular weight polyether 
block amide copolymers (PEBAX copolymers) and 
tacky rubbers such as polyisobutene. Polysiloxanes 
are preferred. 

The term "drug" as used to describe the principal 
active ingredient of the device intends a biologically 
active compound or mixture of compounds that has 
a therapeutic, prophylactic or other beneficial phar- 
macological and/or physiological effect on the 
wearer of the device. Examples of types of drugs 
that may be used in the invention device are 
antiinflammatory drugs, analgesics, antiarthritic 
drugs, antispasmodics, antidepressants, antipsy- 
chotic drugs, tranquilizers, narcotic antagonists, 
antiparkinsonism agents, anticancer drugs, immuno- 
suppression agents, antiviral agents, antibiotic 
agents, appetite suppressants, antiemetics, anticho- 
linergics, antihistamines, antimigraine agents, co- 
ronary, cerebral or peripheral vasodilators, hormonal 
agents, contraceptive agents, antithrombotic 
agents, diuretics, antihypertensive agents, cardio- 
vascular drugs, and the like. The appropriate drugs 
of such types are capable of permeating through the 
skin either inherently or by virtue of treatment of the 



skin with a percutaneous absorption enhancer. 
Because the size of the device is limited for patient 
acceptance reasons, the preferred drugs are those 
that are effective at low concentration in the blood 

5 stream. Examples of specific drugs are estradiol, 
progesterone, demegestone, promegestrone, tes- 
tosterone and their esters, nitro-compounds such 
as nitroglycerine and Isosorbide nitrates, nicotine, 
chlorpheniramine, terfenadine, triprolidine, hydro- 

10 cortisone, oxicam derivatives such as piroxicam. 
mucopolysaccharidases such as thiomucase. bu- 
prenorphine, fentanyl and fentanyl derivatives or 
analogs, naloxone, codeine, dihydroergotamine, pi- 
zotiline, salbutamol, terbutaline, prostaglandins 

15 such as misoprostol and enprostil, omeprazole, 
imipramine, benzamides such as metoclopramine, 
scopolamine, peptides such as growth releasing 
factor and somatostatin, cionidlne, dihydropyridines 
such as nifedipine, verapamil, ephedrine, propanolol, 

20 metoprolol, spironolactone, thiazides such as hydro- 
chlorothiazide, flunarizine, sydononimines such as 
molsidomine, sulfated polysaccharides such as 
heparin fractions and the salts of such compounds 
with pharmaceutical^ acceptable acids or bases, as 

25 the case may be. The drug may be either wholly or 
partly dissolved In the hydrophobic polymer. The 
loading of drug in the polymer will depend on the 
intended lifetime of the device and will usually be in 
the range of about Wo to 20o/o by weight, based on 

30 the total weight of the mixture filling the pores of the 
foam. 

Since the inherent permeability of the skin to 
some drugs such as estradiol is too low to permit 
therapeutic levels of such drugs to pass through a 

35 reasonably sized area of unbroken skin, it Is 
necessary to coadminister a percutaneous adsorp- 
tion enhancer with such drugs. Accordingly, a 
percutaneous adsorption enhancer is present in the 
hydrophobic polymer along with such drug. In 

40 addition to affecting the permeability of the skin to 
the drug, the enhancer may also increase the 
solubility of drug In the hydrophobic polymer and 
thereby increase the permeability of the polymer to 
the drug. Applicant has found that fatty acid esters 

45 (monoester, diester or mixtures thereof) or fatty 
alcohol ethers (monoether, diether, or mixtures 
thereof) of G2 to C4 alkanediols, where each fatty 
acld/alcohol portion of the ester/ether is of about 8 
to 22 carbon atoms and is straight or branched 

50 chain, preferably straight chain, is saturated or has 1 
to 3 sites of olefinic unsatu ration and has 1 to 2 
hydroxy! groups, are phase compatible with the 
preferred type of hydrophobic polymer, Increase the 
solubility of estradiol in such polymer, and enhance 

55 the permeability of skin to estradiol when coadminis- 
tered to the skin. Monoesters and monoethers of 
straight chain alkanediols whose hydroxyl groups 
are on terminal carbon atoms are preferred. Mono- 
esters of propylene glycol are particularly preferred. 

60 Examples of such esters and ethers are ethylene 
glycol octanoate, ethylene glycol monolaurate, 
ethylene glycol dilaurate, ethylene glycol monoeico- 
sanate, ethylene glycol monostearate, ethylene 
glycol dioleate, ethylene glycol monoltnoleate. pro- 

65 pylene glycol monolaurate. propylene glycol dilaur- 
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ate, propylene glycol monopalmitate, propylene 
glycol monostearate, propylene glycol monooleate, 
butlyene glycol monodecanoate. butylene glycol 
monolaurate, butylene glycol monopalmitate, bu- 
tylene glycol monostearate, 2-hydroxyethyloctyt 
ether, 2-hydroxyethyllauryl ether, 2-hydrox- 
yethylhexadecyl ether, 2-hydroxyethyleicosyl ether, 
3-hydroxypropyllauryl ether, 3-hydroxypropylte- 
tradecyl ether, 3-hydroxyethyloctadecyl ether, 4-hy- 
droxybutyldocecyl ether, and 4-hydroxybutyloctade- 
cyl ether. The enhancer is dispersed in the hydro- 
phobic polymer in amounts that are sufficient to 
provide functional amounts of enhancer over the 
intended lifetime of the device. In the case of device 
11, the loading of enhancer In the hydrophobic 
polymer will usually be in the range of 2°/o to 20<Vo by 
weight, based on the mixture filling the pores of the 
foam. . 

It will be appreciated that other percutaneous 
absorption enhancers, such as those taught In U.S. 
Patents Nos. 4,379,454 and 4,568,343, may be 
coadministered with estradiol to enhance the per- 
meability of the skin to estradiol. In this regard, the 
enhancer should be phase compatible (i.e., it should 
not bloom) with the hydrophobic polymer. 

Of course, when the invention device is used to 
administer drugs other than estradiol to which the 
permeability of the skin is inherently too low to pass 
therapeutic amounts, the above described asters or 
ethers or known enhancers (see, for instance, the 
above mentioned patents and the references cited in 
the mentioned patents) will be included in the device 
and coadministered with the drug. Correiatively, 
when the device Is used to administer a drug to 
which the permeablility of the skin is inherently 
sufficient to pass therapeutic amounts, it is not 
necessary to coadminister an enhancer. Thus, in a 
general terms, the inclusion of an enhancer in the 
device Is optional depending upon the particular 
drug that is being administered. 

The thickness of layer 13 will depend upon the 
intended lifetime of the device. Thicker layers (and 
hence more drug and, when present, enhancer) will 
be used to increase the lifetime. In the case of 
estradiol, the device will typically be designed to 
have an effective lifetime of about 3 to 14 days. In 
such embodiments, the thickness of the diffusion 
matrix layer will normally be in the range of about 10 
to 2500 microns, preferably 500 to 1200 microns. 

Device 11 does not include means for controlling 
the rate at which either the drug or the enhancer Is 
administered to the skin. Instead, over the effective 
lifetime of the device, both are presented to the skin 
at rates in excess of the rate that the treated area of 
skin is able to absorb and the rates at which both are 
absorbed by the skin determine the amount of 
estradiol that will present in the circulation of the 
wearer. It will be appreciated, however, that depend- 
ing upon the particular drug (and enhancer when 
one is needed) that is being administered, that It may 
be necessary or desirable to include an element In 
the device that will control the release rate of the 
drug and/or the enhancer. Such elements are known 
in the art. The most common is a polymer membrane 
having appropriate drug/enhancer permeability 



properties Interposed between the diffusion matrix 
layer and the pressure sensitive adhesive layer. 
The pressure sensitive adhesive layer 14 is 
composed of a medical grade adhesive composition. 
5 In embodiments of the device in which a pressure 
sensitive adhesive is used as the hydrophobic 
polymer of the diffusion matrix, it is preferable to use 
the same hydrophobic polymer to form layer 14. In 
such instances the porous nature of the diffusion 

10 matrix permits hydrophobic polymer (adhesive) to 
flow from the matrix and replenish that which may 
may be lost from layer 14 when the device is 
replaced or repositioned on the skin. The thickness 
of layer 14 will normally be in the range of 25 to 100 . 

15 microns, preferably 50 to 75 microns. Depending 
upon the particular drug, enhancer, and pressure 
sensitive adhesive used, If may be desirable to 
pre-load layer 14 with drug and/or enhancer to 
prevent or reduce migration of drug/enhancer from 

20 the diffusion matrix before the device is used. As is 
understood In the art, if such pre-loading is not 
employed, the drug/enhancer will migrate into layer 
14 until concentration equilibrium Is reached. Pre- 
loading is preferred to provide stable drug/enhancer 

25 release profiles for quality control monitoring. The 
composition and thickness of layer 14 are such that 
layer 14 is not a rate controlling barrier to diffusion of 
drug/enhancer from layer 13 to the skin. 
Prior to use device 1 1 1ncludes a release liner layer 

30 15. Just prior to use this layer is stripped off the 
device to expose layer 14. This material will normally 
be made from a drug/enhancer impermeable ma- 
terial that is inherently strippable or rendered so by 
techniques such as silicone or fluorocarbon treat- 

35 ment. 

The rate at which drug/enhancer is/are adminis- 
tered from the device to circulation will depend upon 
the particular drug/enhancer involved and the basal, 
surface area (the area contacting the skin) of the 

40 device. In the case of estradiol used to treat 
postmenopausal symptoms or osteoporosis, the 
device should provide sufficient supplemental es- 
tradiol (in addition to base level in the patient) to 
yield steady state plasma levels of estradiol in the 

45 range of about 20 to 80 pg/ml. In vitro tests such as 
that described in J. Pharm.Scl (1983) 72:968 may be 
used to estimate the flux of drug through human 
cadaver sklh from the devices of the invention. The 
flux of estradiol from device 1 1 will normally be In the 

50 range of 0.05 to 0.4 fig/cm 2 /hr. The basal surface 
area of device 1 1 will usually be In the range of 2.5 to 
40 cm 2 . 

Since device 11 has no fluid elements, It is readily 
manufactured using conventional casting and lami- 

55 nating techniques. Commercially available films may 
be used for backing layer 12, the reticulated polymer 
foam framework 18 of the diffusion matrix, and 
release liner layer 15. The mixture of hydrophobic 
polymer, drug and, when required, enhancer may be 

60 blended using suitable solvents and conventional 
blending equipment and cast into the pores of the 
reticulated polymer foam. Upon evaporation of the 
solvent, the embedded mixture solidifies. The result- 
ing diffusion matrix may then be laminated to the 

65 backing layer. The pressure sensitive adhesive layer 
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may be cast In solution onto the release liner to form 
an adhesive-release liner subassembly. That subas- 
sembly is then laminated to the backing-diffusion 
matrix subassembly. Lamination may be accom- 
plished by thermal bonding, solvent bonding or 5 
through use of adhesives as is known in the art. 
Devices of desired basai surface area may be 
punched or otherwise formed from the thus assem- 
bled laminated composite. 

The following examples further illustrate various 10 
aspects of the invention. These examples are not 
intended to limit the invention in any manner. 

Example 1 

A drug-poiymer mixture containing 5% w/w 15 
estradiol (E2), 10% propylene glycol monolaurate 
(PGML) and 850/o polydimethylsiloxane (Dow Cor- 
ning 355 Medical Grade Adhesive) was dissolved 
into a 50% final solid content solution with trichloro- 
trifluoroethane (freon). The resulting solution was -20 
then cast into the open pores of a 1200 micron thick 
preformed polyurethane foam (Scotfoam, pore 
rating 30 pores/cm) using a 750 micron gap Gardner 
knife, a 25 micron thick polyurethane backing film 
(Medifilm 426, Schoeiler. Inc.) having been pre- 25 



viously flame sealed onto the opposite surface of the 
foam structure. The solvent was evaporated leaving 
a resultant foam structure containing approximately 
20 mg/cm 2 E2/PGML/polydimethylsiloxane per 7.5 
mg/cm 2 polyurethane foam (precoating foam 
weight). 

A contact adhesive containing 2% w/w E2, 10% 
PGML and 88% polydimethylsiloxane (Dow Corning 
355) was dissolved to a 50% final solids content 
solution with freon. The contact adhesive solution 
was then cast using a 100 micron gap Gardner knife 
onto a fluorocarbon-coated polyester film (3M, 
1022). The solvent was evaporated leaving a resul- 
tant 50 micron thick contact adhesive coating. 

The polyurethane foam/E2/PGML/siloxane drug 
reservoir composite was laminated to the 50 micron 
thick contact adhesive layer such that the fluorinated 
polyester film served as a peelable protective strip. 
The resultant laminate was die cut to fit diffusion 
cells and backed with an occlusive layer of aluminum 
foil and E2 flux across human cadaver skin was 
determined at 32° C by the procedures described in 
J. Pharm. Sci. (1 983) 72:968. The steady state E2 flux 
was determined to be -0.18 u.g/cm 2 hr. 

The laminated composite was translucent and 
resilient which allows the entire composite to stretch 
with the stretching of skin. Young's modulus. % 
elongation and tensile strength were determined to 
be 14.07 kg/cm 2 , 425% and 7.81 kg/cm 2 , respec- 



contact adhesive. The steady state estradiol flux 
across human cadaver skin was determined to be 
-0.12 u,g/cm 2 hr while the Young's modulus. % 
elongation and tensile strength were determined to 
be 11.96 kg/cm 2 , 430% and 9.36 kg/cm 2 , respec- 
tively. These values are substantially the same as 
Example 1. 

Example 3 

A laminated composite was made and tested 
above using a drug-polymer reservoir consisting of 
4% E2, 10% PGML and 86% polydimethylsiloxane 
(Dow Corning X7-2909) and a contact adhesive 
consisting of 10% PGML and 90% polydimethylsi- 
loxane. The steady state skin flux was determined to 
be ~ 0.12 ug/cm 2 hr which is substantially the same 
as from the composite of Example 1. 

Example 4 . 

A laminated composite was made and tested as 
above except that the polydimethylsiloxane polymer 
was substituted with polymethylphenylsiloxane 
(marketed under the mark Flexcon). Estradiol steady 
state flux across human skin was substantially the 
same as from the composite of Example 1. 

Example 5 

Laminated composites were made as in 
Example 2 using Dow Corning potydimethylsiloxane 
30 XT-2675 with similar results. 

Example 6 

Laminated composites were made as in Exam- 
ples 1 and 2 using other types of Medifilm backing 
35 (Medifilm 810 827 both polyether block amide 
copolymers) with similar results. 

Example 7 

A laminated composite is made as In Example 1 
40 substituting progesterone for estradiol in both 
drug-polymer reservoir and contact adhesive. 

Example 8 

A laminated composite is made as in Example 1 
45 substituting demegestone for estradiol in both 
drug-polymer reservoir and contact adhesive. 

Example 9 

A laminated composite is made as in Example 1 
50 substituting promegestrone for estradiol in both 
drug-polymer reservoir and contact adhesive. 

Examples 10, 11, and 12 

Laminated composites are made as in Example 1 
incorporating 2% E2, 2% either progesterone, 
demegestone, or promegestrone. 10% PGML and 
86% polydimethylsiloxane into the drug-polymer 
reservoir and 1.3% E2, 1.3% either progesterone, 
demegestone, or promegestrone. 10% PGML and 
87.4% polydimethylsiloxane as the contact ad- 
hesive. 

Modifications of the above described modes for 
carrying out the invention that are obvious to those 
of ordinary skill in the field of transdermal drug 
delivery devices and related fields are Intended to be 



tively using an Instron model 1011 with a crosshead 55 
speed of 30 cm/min. In addition, it was repeatedly 
repositioned on human skin without any apparent 
loss of adhesiveness. 

Example 2 60 

A laminated composite was made and tested as in 
Example 1 using 2% E2. 6% PGML and 92% 
polysiloxane (Dow Corning 355) for the drug- 
polymer reservoir and 1.3% E2, 6% PGML and 
92.7% polysiloxane (Dow Corning 355) for the 65 
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within the scope of the following claims. 



Claims 

1 . A diffusion matrix for use as a reservoir for 
a drug in a transdermal drug delivery device 
comprising a viscoelastic body of: 

(a) a reticulated macroporous polymeric 
foam framework: 

(b) a viscoelastic drug-permeable hydro- 
phobic polymer embedded in the pores of 
the foam; and 

(c) a drug dispersed in and at least partly 
dissolved in the hydrophobic polymer that 
is capable of permeating through un- 
broken skin. 

2. The diffusion matrix of.claim 1 including: 

(d) an agent dispersed in and at least 
partly dissolved in the hydrophobic 
polymer that enhances the solubility of the 
drug in the polymer and/or is a percuta- 
neous absorption enhancer that increases 
the permeability of the skin to the drug. 

3. The diffusion matrix of claim 2 wherein the 
drug is estradiol, progesterone, piroxicam, 
dihydroergotamine, salbutamol, nifedipine, spi- 
ronolactone, demegestone, promegestrone, 
hydrochlorothiazide, nicotine, chlorphenir- 
amene or triproiidine. 

4. The diffusion matrix of claim 1, 2 or 3 
wherein the reticulated polymeric foam frame- 
work is made of a polyurethane or polyethylene. 

5. The diffusion matrix of claim 1, 2, 3 or 4 
wherein the weight ratio of (b) and (c) com- 
bined to (a) is in the range of about 1 :1 to 10:1 . 

6. The diffusion matrix of claim 1, 2, 3, 4 or 5 
wherein the pore rating of the reticulated 
polymeric foam framework is about 10 to 40 
pores per linear centimeter and the density of 
the reticulated polymeric foam framework is in 
the range of about 0.01 to 0.5 g/cm 3 . 

7. The diffusion matrix of claim 1 , 2, 3, 4, 5 or 6 
wherein the hydrophobic polymer is a pharma- 
ceutical^ acceptable pressure sensitive ad- 
hesive. 

8. The diffusion matrix of claim 7 wherein the 
hydrophobic polymer is a polysiloxane, a poty- 
acrylate, a polyurethane, a plasticized ethylene- 
vinyl acetate copolymer, a polyether blocka- 
mide copolymer or a tacky rubber. 

9. The diffusion matrix of claim 1 , 2, 3, 4, 5, 6, 7 
or 8 wherein the body is in the form of a thin film 
about 1 0 to 2500 microns thick. 

.. 10. A transdermal drug delivery device for 
administering a drug to a predetermined area of 
unbroken skin, said device being a resilient 
laminated composite comprising: 

(a) the drug diffusion matrix of claim 1 , 2. 
3,4, 5, 6, 7, 8 or 9 and 

(b) a layer of a pharmaceutical^ accept- 
able pressure sensitive adhesive, one face 
of which defines the basal surface of the 
body and contacts and adheres to the skin 



when the device is in use. said layer 
providing no rate controlling barrier to 
diffusion of components of the diffusion 
matrix from the diffusion matrix to the skin. 
5 11. The device of claim 1 0 Including : 

(c) a resilient backing layer that forms 
the top surface of the composite. 

12. The device of claim 10 or 11 including: 

(d) a release liner layer that covers said 
10 one face of the layer of pharmaceutically 

acceptable pressure sensitive adhesive 
and is adapted to be removed from the 
device prior to use to expose said one face 
of the layer of pharmaceutically acceptable 
15 pressure sensitive adhesive. 

13. The device of claim 10, 1 1 or 12 wherein the 
hydrophobic polymer and the pressure sensi- 
tive adhesive are the same material. 

14. A transdermal drug delivery device for 
20 administering a drug to a predetermined area of 

unbroken skin comprising a laminated compo- 
site that includes a diffusion matrix layer that 
contains the drug and a layer of a pressure 
sensitive adhesive that defines the basal sur- 
25 face of the composite and contacts and 

adheres to the skin when the device is in use, 
wherein the diffusion matrix layer contains a 
sufficient amount of the pressure sensitive 
adhesive layer to provide a means for replenish- 
es ing the pressure sensitive adhesive in the 
pressure sensitive adhesive layer by flow of 
pressure sensitive adhesive from the diffusion 
matrix to said basal surface, whereby the device 
may be replaced or repositioned on the skin 
35 without significant loss of adhesiveness. 

15. The device of claim 14wherein the diffusion 
matrix layer is In the form of a macroporous 
polymeric foam In whose pores are embedded a 
dispersion of the drug in the pressure sensitive 

40 adhesive and the pressure sensitive adhesive Is 

viscoelastic. 
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